This paper deals with the in vitro effects of brassinosteroids (BRs) on growth in the form of multiple shoots, chlorophyll content, Hill reaction activity (HRA), activities of catalase (CAT), peroxidase (POX), polyphenol oxidase (PPX), and ascorbate peroxidase (APX) in Arachis hypogaea L. genotypes (M-13 and PBS24030). In vitro impact of BR on shoot multiplication potential was found to be the best at 1 mL L −1 with BA (3 mg L −1 ) in both the cultivars. Flowering was observed in PBS24030 on the medium containing 2.0 mL L −1 BR with 3 mg L −1 BA. Rhizogenesis was noticed in the presence of BR alone. Total chlorophyll content and HRA were highest at 2.0 mL L −1 with BA in M-13 and 1.0 mL L −1 with BA in PBS24030. Antioxidant enzyme activities were increased in the presence of BR whether alone or in combination with BA in both the cultivars. However, progressive decline was observed in case of MDA content. The results obtained in the study clearly indicated not only the in vitro establishment of groundnut cultivars in the presence of BR alone and in combination with BA but also its effect on various growth promotory physiological parameters.
Introduction
Oilseed crops form the backbone of agricultural economy of India. Oilseed crops and their products are the second most sold commodities in the world trade. In India, groundnut (Arachis hypogaea L.) was cultivated in an area of 6.22 million ha yielding 1180 Kg/ha in [2008] [2009] (http://agricoop.nic.in/Agristatistics.htm). Besides income for the farmers, groundnut provides an inexpensive source of high-quality nutrition. Groundnut seeds contain 44-56% oil and 22-30% protein on a dry seed basis [1] . Although India is the world's largest producer of edible oils yet it imports large quantities of oils (∼1.2 million tons). One of the reasons for India's large edible oil deficit is the poor yield of oilseed crops per hectare, principally caused by the available cultivars being susceptible to diseases and vulnerable to abiotic stresses as well as poor farm practices. Therefore, it would be pertinent to assess the potential of new genotypes of peanut in the in vitro conditions and new combination of PGRs for regeneration and biochemical manipulation.
Brassinosteroids (BRs) are common plant-produced compounds structurally similar to animal steroid hormones that can function as growth regulators [2] . In addition, it has been suggested that BRs could be included in the category of phytohormones [3] . Exogenous application of BRs affects a broad spectrum of physiological responses like cell expansion, vascular differentiation, reproductive development, seed germination, flowering, and fruit set in plants [4] [5] [6] . Apart from growth-promoting effects, BRs are also reported to confer resistance to plants against various abiotic and biotic stresses like heat, drought, heavy metals, infections, pesticides, salt, and even viruses [7] [8] [9] [10] . Nunez et al. [11] andÖzdemir et al. [12] observed that resistance to the stresses involves regulation of antioxidative enzyme activities under the influence of these plant growth regulators. Although innumerable works have confirmed the potential of the plant hormones to synergistically improve crop performance under normal conditions, very little light has been thrown on the influence of BRs under the in vitro condition. In view of this fact, the purpose of the present study was to increase our understanding of the effects of BR 2 ISRN Agronomy on micropropagation and alterations of various biochemical characteristics in groundnut.
Materials and Methods
Groundnut genotypes, M-13 (Spreading type), and PBS24030 (Semi-spreading type) were procured from Agricultural Research Station (ARS), Durgapura, Jaipur, India. The seeds were washed with tap water for 10-15 min followed by immersion in liquid detergent solution labolene for 5 min. After washing with distilled water, the seeds were again immersed with 70% ethanol for 3-5 min and rinsed with distilled water three to four times. Then, the seeds were brought to the inoculation chamber and surface sterilized with 0.1% HgCl 2 for 8 min and rinsed with sterile distilled water for 3-4 times. Four-to-six surface-sterilized seeds were germinated aseptically in a 250 mL wide mouthed conical flask having sterilized wet cotton bed in dark. Based on our previous finding, cotyledonary node (CN) was excised from 10-12 days old seedling and used as explants [13] . Such explants were cultured on MS medium [14] containing 3% (w/v) sucrose and varying concentrations (0.5, 1.0, and 2.0 mL L −1 ) of Double (a commercial formulation of BR), procured from Godrej Agrovet Ltd., Sachin, India, alone and in combination with BA (3 mg L −1 ). CN explant was inoculated and cultures were incubated at 24 ± 2 • C under 16 h exposures to white light of 80 μEm −2 s −1 intensity provided by fluorescent tubes for 4-5 weeks for multiple shooting. Control set was devoid of any PGR. Shooting potential of this PGR was recorded after 40 DAI.
Biochemical and Enzymatic Estimations
Estimation of biochemical parameters and enzyme activity was carried in the in vitro grown 25-30 days old leaves from lateral branches. Total chlorophyll content was estimated by the method of Coombs et al. [15] . Hill reaction activity (HRA) was determined according to Cherry [16] . For estimation of antioxidative enzyme activities, one gram of in vitro grown 25-30 days old leaves were homogenized in 10 mL of the extraction buffer composed of 50 mM potassium phosphate buffer (pH 7.0), 10 g L −1 PVP, 0.2 mM EDTA, and 10 mM Triton X-100. The resulting homogenate was centrifuged at 12,000 x g for 20 min at 4 • C and the supernatant was used for the determination of catalase (CAT), ascorbate peroxidase (APX), peroxidase (POX), and polyphenol oxidase (PPX) activities. CAT activity was determined by following the initial rate of disappearance of H 2 O 2 at 240 nm [17] . APX activity was measured by the amount required to decompose 1 μmol ascorbic acid oxidized min −1 [18] . POX and PPX activity was assayed adopting the method of Kar and Mishra [19] . One unit (U) of POX and PPX activity was defined as the amount of enzyme that caused an increase in absorbance at 420 nm of 0.01 per min. Lipid peroxidation was determined as the content of malondialdehyde (MDA) using the thiobarbituric acid reaction as described by Moshaty et al. [20] . Total soluble sugars and proteins were estimated following the method of Clegg [21] and Lowry et al. [22] , respectively.
Each growth experiment was conducted thrice taking three replicas of each treatment, under in vitro conditions. The data from all experiments were pooled together and analyzed for analysis of variance (ANOVA) with genotypes, BR treatments, and their interactions included as the possible sources of variation by SAS system.
Results

Effect of BR on Multiple Shoot Induction.
The observations made on morphological parameters indicated that the treatments of BR significantly improved growth. Statistical analysis showed that the shooting potential in both the genotypes was highly significant at P < 0.01 (Table 1 ). In M-13, multiplication potential revealed an enhancement with the increasing concentrations of BR alone. The most effective response was noticed on the medium containing 1 mL L −1 BR with BA (3 mg L −1 ) which was ∼11 folds (M-13) and 24 folds (PBS24030) greater than the control (Figure 1(a) ). A significant level of shoot elongation was found at 0.5 mL L −1 BR alone in both the cultivars. Extensive flowering was observed in PBS24030 on the medium containing 2.0 mL L −1 BR with 3 mg L −1 BA (Figure 2 (a)). Rhizogenesis was noticed in the presence of BR alone particularly at low concentrations. In M-13 cultivar, 0.5 mL L −1 BR (Figure 2 (b)), and in PBS24030, 1.0 and 2.0 mL L −1 BR treatments showed rooting within 7-10 DAI. BR-treated cultures failed to produce roots in the presence of BA. Well-rooted plantlets were transferred to thermocol pots (Figure 2 (c)) and then to field condition.
Effect of BR on Total Chlorophyll
Content. The data showed that the application of BR enhanced the chlorophyll content in both the cultivars and the elevation was greater when BR was used in combination with BA ( Figure 1(b) ). When used singly, the most effective concentration of BR was 1.0 mL L −1 in M-13 and 2.0 mL L −1 in PBS24030. It was apparent from the above results that the combined application of BR and BA exerted a positive effect (P < 0.01) on chlorophyll content in groundnut. However, interaction among the genotypes and concentrations of PGRs used was significant at P < 0.05 (Table 1) . (HRA) . Increase in HRA was more pronounced when BR was added along with BA in both the cultivars as compared to control (P < 0.01). In M-13 cultivar, the highest HRA was recorded in the presence of 2.0 mL L −1 BR along with BA (3 mg L −1 ) as compared to the control (Figure 1(c) ). On the other hand, the highest HRA (134.3 ± 1.5 μg g −1 FW) in PBS24030 was recorded in the presence of 1.0 mL L −1 BR along with BA (3 mg L −1 ).
Effect of BR on Hill Reaction Activity
Effect of BR on Catalase (CAT)
Activity. Among all the treatments of BR alone and in combination, 1.0 mL L −1 resulted in the highest activity of CAT in M-13 whereas 2.0 mL L −1 BR alone and in combination was inhibitory. In PBS24030, CAT activity, enhanced with the increasing concentration of BR reaching the maximum at 2.0 mL L −1 BR alone and 1.0 mL L −1 BR with BA ( Figure 1(d) ). 
Effect of BR on Peroxidase (POX)
Activity. When BR alone was applied, the maximum activity was observed at 0.5 and 1.0 mL L −1 BR in M-13 and PBS24030, respectively (P < 0.01; Table 1 ). On treatment with both BR and BA, the activity of POX showed an increase in both the cultivars in comparison with untreated control, however, when compared with BA alone, the increase was noticed only in PBS24030 (Figure 1(e) ). However, genotypic variations were noticed in the two cultivars.
Effect of BR on Polyphenol Oxidase (PPX)
Activity. The activity of PPX was the highest at 2.0 mL L −1 BR along with BA (3 mg L −1 ) in both the cultivars (P < 0.01). It was apparent from the data that the combined treatment with BR and BA was more effective in augmenting PPX activity as compared to BA alone. The increase in activity at 2.0 mL L −1 BR alone and in combination with BA compared to the control was 66% and 103% in M-13 and 72% and 148% in PBS24030, respectively (Figure 1(f) ).
Effect of BR on Ascorbate Peroxidase (APX) Activity.
The effect of BR alone or in combination with BA on APX activity was highly significant at P < 0.01 (Table 1) in both the cultivars. In M-13, the activity of APX increased markedly under the influence of BR; however, a decrease in activity was noticed at 2.0 mL L −1 BR (Figure 1(g) ). In PBS24030 also, an elevation in the APX activity was noticed up to 1.0 mL L −1 BR but thereafter, the activity showed a decline. The treatment with BR in combination with BA lowered the activity of APX as compared to BR and BA used alone. (MDA) . The content of MDA was reduced in the in vitro grown leaves of groundnut plants sampled from 25 days old culture treated with BR alone and along with BA (3.0 mL L −1 ) in both M-13 and PBS24030 cultivars of groundnut (Figure 1(h) ). In general, the decline was greater when BR was applied in combination with BA. Furthermore, the pattern of reduction was different in the two genotypes. The cultivar PBS24030 exhibited a greater decline as compared to M-13. Only the genotypic differences were found to be statistically significant (Table 1 ).
Effect of BR on Malondialdehyde
Effect of BR on Total Soluble Carbohydrate and Protein
Contents. Influence of BR was found to be significant on the level of total soluble carbohydrates and proteins in both the cultivars (P < 0.01). In M-13, the total soluble carbohydrates content registered an increase upon treatment with BR alone; however, when BR was applied along with BA, an increase was noticed up to 1.0 mL L −1 BR. In PBS24030, it was apparent that treatment with BR alone as well as in combination increased the total soluble carbohydrates substantially. The accumulation of carbohydrates in the treated leaves was more in PBS24030 than M-13 genotype (Figure 1(i) ). The total soluble protein content enhanced (P < 0.01) with the increasing concentrations of BR alone as well as in combination with BA in both the cultivars (Figure 1(j) ).
Discussion
BRs are known to induce a broad spectrum of responses, including stimulation of longitudinal growth of young tissues via cell elongation and cell division [23, 24] and vascular differentiation, which is a developmental process critical for plant growth. In the present studies, BR effectively stimulated the elongation and formation of lateral shoots and shoot buds. Similar results were reported by Pereira-Netto et al. [25, 26] in Eucalyptus and Malus prunifolia. The difference in the shooting response of the two genotypes might be due to their genetic make-up. In the presence of BA (3 mg L −1 ), shoot formation was observed at lower concentrations of BR indicating that the interaction of PGRs altered the shooting response. The differential effects of BRs on shoot formation and elongation was possibly dependant on the extent to which these molecules satisfied the structural requirements of BR receptors. These findings have practical applications in horticulture and forestry for the improvement of micropropagation techniques for usually hard-to-propagate woody and oilseed crops. It was observed in the present investigation that BR application at low concentrations resulted in rhizogenesis in both the groundnut cultivars. This observation was similar to that of Müssig et al. [27] who observed promotion of root growth in Arabidopsis by low concentrations of BR.
The enhancement in the chlorophyll content upon addition of BR to the culture medium indicated that photosynthetic process was likely to be affected by BR. In the literature, application of BRs has been shown to increase the total chlorophyll content and hence net photosynthetic rate in Brassica juncea [28, 29] , Hibiscus sabdariffa [30] , soybean seedlings [31] , rice [32] , and wheat [33] . A synergistic interaction between BR and BA was observed. However, the type of the applied BR is the main determinant in the manifestation of BRs effect on the content of photosynthetic pigments, and plant species is probably the second deciding factor. In contrast, the BR significantly affected neither the efficiency of photosynthetic electron transport nor the content of chlorophylls or carotenoids in two inbred lines of field-grown maize and their F1 hybrid [34] .
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Reactive oxygen species (ROS) are generated in plants during metabolism. Further, the accumulation of ROS is increased by environmental stresses. The ROS need to be scavenged for maintenance of normal growth. Plants have developed a series of enzymatic and nonenzymatic mechanisms to counteract ROS and protect cells from oxidative damage. Various enzymes including CAT, SOD, APX, guaiacol peroxidase, and PPX have been associated with detoxification of ROS in plants. Several PGRs including BRs have been reported to help in modulating this antioxidant defense system and thus scavenging the free radicals and help the plant to protect from oxidative stress. BRs affect the transcription and translation [35] thereby influencing the level of total proteins and enzymes [36] .
An increase in CAT activity after treatment with BR has also been reported earlier in rice [11] , groundnut [37] , Zea mays L. [10, 38] , tomato [39] , Brassica juncea L. [40, 41] , and so forth. It may be inferred from the enhancement in CAT activity that BR application modulated the antioxidative metabolism resulting in better growth of plants as suggested earlier [42, 43] . An increase in POX activity in response to the application of BRs has also been reported [40, 41, 44] . The POX has been implicated in the synthesis of lignin and other phenolic polymers. The enhancement in POX activity might defend the cells against harmful concentrations of hydroperoxides. Sirhindi et al. [41] also observed an increase in the activity of PPX after exogenous application of 28-homobrassinolide in seedlings of Brassica juncea L. Activity of APX was found to be consistent with the earlier reports in which APX activity was stimulated after the application of 24-epibrassinolide [39, 40, 45] and 2-homobrassinolide [46] and brassinolide analogue BR-16 [11] . The decline in MDA level indicated that BR treatment caused a decrease in lipid peroxidation in the in vitro grown leaves of groundnut plants. The decrease in MDA content after treatment with BR has been noticed earlier also but not much information is available in groundnut.
The rise in soluble proteins was more in M-13 cultivar than in PBS24030 which might be due to genotypic variations. Increased carbohydrate content was observed under the influence of BRs in tomato pericarp by Vardhini and Rao [47] . Wu et al. [48] also observed increased carbohydrate content due to BR in rice. An increase in soluble protein content might indicate that BR responses were dependent on protein synthesis as suggested by Kalinich et al. [49] . The application of BRs has been found to enhance protein content in normal plants as well as those subjected to different kinds of stress [35, 38, 39, 50, 51] . Vardhini and Rao [42, 43] reported that BRs substantially increased the growth of the plant which was associated with enhanced levels of DNA, RNA, soluble proteins, and carbohydrate. As higher contents of soluble carbohydrates and soluble proteins were likely to have positive correlation with plant growth, it might be inferred that BR treatment would stimulate growth in groundnut plants. It was supported by the observation that the number of shoots was highest in the cultures grown in the presence of BRs.
Conclusion
The data presented in this paper have demonstrated that BR can be effectively used for the direct organogenesis from the CN explant in both the cultivars. Experimental evidence indicated that in vitro effect of BR was involved in the alleviation of not only antioxidant capacity but also biochemical parameters. However, there are some differences in the responsive behaviors of the two groundnut cultivars in the presence of BR which may be attributed to the genetic differences. Our results clearly indicate that BR formulation, available as Double, is a potent plant growth regulator in various aspects.
